Summary
Performance and reliability improvements have been made to the 300 magnet power supplies, their remote control system and the mains distribution network. With the high beam currents now stacked in the ISR, physics data taking would be degraded if the power supplies only performed to their original specifications. It has been necessary to improve the low frequency noise generated by the power supplies at least two orders of magnitude. Modifications have improved the reliability of the power supplies to the state that it is now rare for a beam to be lost due to a power supply failure. Overall, the results have given longer and cleaner stable beam conditions for the physics programme, improved flexibility of operation and easier maintenance.
Reliability
The level of reliability of a power supply is inherently built in at the design stage and it is difficult and expensive to improve on this. The electronics generally represent less than 10% of a power supply cost, therefore it is uneconomic to use other than good quality components with proven reliability and guaranteed performance so that the electronics is not the critical factor on performance and reliability of a power supply. With the issue of performance specifications and the system of competitive tendering, it has proved difficult to obtain power supplies to the reliability standard that is required for storage ring operation, i.e. not a single malfunction of any one of the 300 ISR power supplies over a period of 5 days. To achieve this level of reliability, improvements have been made from the level of urgent repairs due to catastrophic corrosion of water cooling circuits to the systematic rebuilding of some of the power supplies.
Causes of unreliability
Analysis of the systematic faults in the ISR power supplies showed that the major cause of unreliability was poor engineering, e.g. water circuits that leaked, components that ran too hot, etc. Very few of the reasons really turned out to be the components themselves but how these components were used. For example, thyristors have proved to be more reliable than the fuses used to protect them; interlock circuits give more faults than the items they are supposed to protect, etc. Performance specifications should not be exagerated as this encourages manufacturers to incorporate unnecessary complicated circuitry e.g. a series transistor regulator with its associated water cooling, protection and interlocks; whereas with a slight relaxation of the specification a simpler and more reliable power supply could have been achieved.
Water cooling.
A series of 125 small power supplies, cooled using a closed circuit water system with a water/air heat exchanger fan and pump, showed after one year of operation, corrosion to such an extent that the cooling circuit developed leaks. Urgent repairs to copper sleeve the aluminium heat sinks and supply cooling water from the ISR demineralised water system solved the problem.
Eventually, these power supplies were remodified to eliminate the problems caused by the mechanical polarity reversal switch, the current measuring shunt, the control loops and again the water cooling circuits. 
Original Specifications
The original stability and ripple figures were derived from the requirement of stability of the closed orbit and Q variation of the beams. Ripple was considered as the residual after rectification due to transformer unbalance, firing circuits etc. and consisted of 50 Hz and above. This ringing could be seen on the physics background and was eliminated by improving the phase margin of the current loops.
To enable fluctuations to be detected, the output of each power supply is equipped with an independent, ultra sensitive, voltage spike detector which signals all changes to the control computer.
Sources of power supply perturbations
The LF noise on the output of a power supply comes from two sources: 1) internally generated noise from amplifiers, reference sources, pick-up from external sources and 2) external sources, i.e. the mains supply.
With the addition of the CERN Booster, pulsed switching magnets and the pulsing of beam lines for energy conservation all of which are synchronised to the PS cycle with a repetition rate around 2 
